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(54) Pneumatic tire. 

(57) A pneumatic radial tire comprising a pair of 
bead portions (7) and stdewall portions (6) and a 
tread portion (5) connecting the sidewalls, at 
least one radial carcass ply reinforcing each of 
said portions between two beads (2) embedded 
in the bead portions, a belt (3) comprising at 
least two layers (3-1 , 3-2) having cords intersect- 
ing each other, a cap (4) arranged between the 
belt (3) and the tread portion (5) and having 
organic fiber cords therein extending in the 
circumferential direction of the tire, and rein- 
forcing rubber layers (8) in a whole region of the 
sidewall portions (6) for supporting a load of the 
tire and each having a crescent shaped cross- 
section along the inner side of the carcass, 
characterized in that at least one tie-element 
layer (9) for resisting force generated in width 
directions of the tire and having cords extend- 
ing substantially orthogonally with respect to an 
equatorial plane of the tire is arranged between 
the belt (3) and the cap (4). 
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This invention relates to a pneumatic tire, and in 
particular to a so-called "run flat tire" which has rein- 
forcing rubber layers having a crescent shaped cross- 
section in the whole region of the tire sidewall por- 
tions, in order to enable vehicles to run a long dis- 
tance under a puncture condition. Such a tire should 
have a good run flat durability so that it can be run 
over a long distance under the puncture condition 
without developing problems as compared with con- 
ventional run flat tires by reinforcing the tread portion 
of the tire properly. 

In order to enable a vehicle to continue to run 
safely for a relatively short distance and reach a suit- 
able destination such as a service station where a 
punctured tire can be replaced without further dam- 
age to the tire or loss of manoeuvrability when the in- 
ner pressure of the tire fitted to the vehicle is reduced 
or becomes zero, a number of proposals have been 
made. 

Among these, employment of reinforcing layers 
in the whole region of the sidewall portions of so 
called "run flat tire" is generally adopted as a most ef- 
ficient measure. By this means, the load of the tire 
supported mainly by inner pressure and also by the 
reinforcing layer under the normal inner pressure is 
taken over by the reinforcing layer alone in the punc- 
ture state. 

In the puncture state, the sidewall portions of 
pneumatic tire, without such reinforcing layer, are 
usually unable to withstand the wheel weight, and are 
deformed into a conduplicate (folded) shape. This re- 
sults in a serious problem. In the run flat tire, how- 
ever, although the sidewall portions are bent consid- 
erably, the pneumatic radial tire can continue to run 
by virtue of the reinforcing layer of a shape and ma- 
terial capable of bearing the wheel weight for a rela- 
tively short distance without damaging the sidewall 
portions and adversely affecting control of the vehi- 
cle. 

The above mentioned run flat property is gener- 
ally adopted in a high performance tire. In this regard, 
various properties such as steering property and 
anti-vibration riding comfortability to be performed 
during almost all driving periods must be maintained 
at a maximum level. Therefore, any adverse affects 
on the tire performance brought about by adopting a 
run flat property must be minimized. 

In selection of cross-section shape and material 
of the reinforcing rubber layer, it is necessary to con- 
sider and adopt a limited thickness and hardness. 
Consequently, though the tire can be run safety for 
a certain distance, a limitation of running distance is 
brought about. Though it has a structural disadvan- 
tage for run flat property, radial carcass pneumatic 
tires are mostly used. However, due to demand for ex- 
tending safety running distance in the puncture state, 
the above mentioned type of run flat tire no longer 
meets the desired requirements. 



It is an object of this invention to provide a pneu- 
matic tire with excellent run flat durability which is 
able to extend the running distance without problems 
occurring and while sufficiently maintaining safety in 

5 the puncture state, while being able to select the 
shape and material of the reinforcing rubber layer at 
an optimum level of performance within a conven- 
tional range. 

By investigating movement of the deformation of 

10. the conventional run flat tire in the puncture state, we 
have found that bending deformation in the sidewall 
portions has a close relation with resisting force for 
bending deformation in the tread portion. Based on 
the above, we have been able to provide a pneumatic 

15 tire with excellent run flat durability by adopting a tire 
construction of the invention described below. 

According to the invention, there is provided a 
pneumatic radial tire comprising a pair of bead por- 
tions and sidewall portions and a tread portion con- 

20 necting the sidewalls and including at least one radial 
carcass play reinforcing each of said portions be- 
tween two beads embedded in the bead portions, a 
belt comprising at least two layers having cords inter- 
secting each other, a cap arranged between the belt 

25 and the tread portion and having organic fiber cords 
therein extending in the circumferential direction of 
the tire, and reinforcing rubber layers in a whole re- 
gion of the sidewall portions for supporting a load of 
the tire and each having a crescent shaped cross- 

30 section along the inner side of the carcass, charac- 
terized in that at least one tie-element layer for resist- 
ing force generated in width directions of the tire and 
having cords extending substantially orthogonally 
with respect to an equatorial plane of the tire is ar- 

35 ranged between the belt and the cap. 

For a better understanding of the invention, ref- 
erence is made to the accompanying drawings, 
wherein: 

Fig. 1 is a cross-section of the left half of one em- 
40 bodi ment of a tire according to the present inven- 

tion; 

Fig. 2 is a view similar to Fig. I 1 of another em- 
bodiment of a tire of the present invention; and 
Fig. 3 is a diagrammatic view illustrating behav- 
45 iour of tires in a puncture state. 

The present invention will be further explained 
with reference to Fig. 1, which shows a semi cross- 
sectional view of a pneumatic tire according to the 
present invention. The tire includes a carcass 1, a 
so bead core 2, a belt 3, a cap 4, a tread portion 5, a side- 
wall portion 6, a bead portion 7, a reinforcing rubber 
layer 8, and a tie-element 9. The tire further includes 
an inner liner 1 0 and layers 1 1 at the edges of the belt. 
The tire comprises at least one carcass ply {two 
55 plies in the drawing) containing cords arranged ortho- 
gonally (radially) with respect to an equatorial plane 
E of the tire, and reinforces the bead portion 7, side- 
wall portion 6 and tread portion 5 between a pair of 
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bead cores 2 embedded in a pair of bead portions 7 
(only the bead portion at one side of the tire is 
shown). 

The belt 3 comprises at least two cord intersect- 
ing layers (3-1 , 3-2 in the drawing). The cords of each 
layer are.obliquely arranged in opposite directions 
with respect to the equatorial plane E, and form small 
crossing angles between the layers. 

The cap 4 having organic fiber cords circumferen- 
tially wound around the tire prevents the belt 3 from 
expanding in a radial direction during running at a 
high speed. The cap 4 preferably has a width wider 
than that of the belt 3. The cap 4 improves running 
performance of a high performance tire by reinforc- 
ing the tread 5 together with the belt 3. 

The reinforcing rubber layer 8 is preferably a rub- 
ber with a hardness which is greater than that of the 
rubber of the carcass 1 and the sidewali portions 6. 
Though the rubber reinforcing layer 8 also functions 
as a load supporting component under a normal inner 
pressure, the main object of the rubber is to enable 
the sidewali portions 6 to sufficiently support the 
load which cannot be supported by the side rubber 
and the carcass ply alone. Thus the rubber works as 
"stay element". Therefore, the reinforcing rubber lay- 
er 8 is preferably arranged in a whole region of the 
sidewali portion 6, more particularly from the side re- 
gion of the bead core 2 in the radial direction to the 
side edge of the tread 5 along the inner surface of the 
carcass 1 and is tapered gradually in cross-section 
with its maximum thickness at.the center. 

Further, between the belt 3, more particularly 
the outer layer 3-2 of two cord intersecting layers 3- 
1 and 3-2, and the cap 4, there is arranged at least 
one tie-element layer 9 having cords extending sub- 
stantially orthogonally with respect to the equatorial 
'/plane of the tire; by cords extending substantially or- 
thogonally there is included unavoidable fluctuation 
of the product during production. 

The tie-element 9 works as a component resist- 
ing force generated in the tread 5 in a width direction. 
The width of the tie-element 9 is preferably at least 
50% of the narrower belt ply. 

The cord used for the tie-element must have high 
tensile modulus or high compression modulus, for ex- 
ample aramide fiber twist cord for the former, nylon 
monofilament cord for the latter. 

The cap 11 in Fig. 1 is a narrow cord layer wound 
in a certain designated region in a width direction 
along the outer surface of the belt 3 and the cap 4. In 
Fig. 1, the cap 11 covers botfi side edges of the belt 
3 and the cap 4 to improve high performance at a high 
speed together with the cap 4. 

In the embodiment shown in Fig. 2, which is a 
similar view to Fig. 1 , two tie element layers 9-1 and 
9-2 are provided. The tie-element 9-1 is arranged in 
the same manner as the layer 9 in Fig. 1 and the tie- 
element 9-2 is arranged between the inner cord inter- 



secting layer 3-1 and the carcass 1 . The belt 3 is ar- 
ranged between the two layers 9-1 and 9-2. ■ 

In Fig. 3, a broken line A indicates a conventional 
run flat tire (having rubber reinforcing layers 8) and 

5 a solid line B indicates a tire of the present invention, 
and the lines A and B show deformation of the outer 
profile of the run flat tires having the above men- 
tioned reinforcing rubber layer 8 just under the load 
(wheel weight). Pa and Pb respectively show force 

10 application point from rim flange to the bead 7 in re- 
spect of the broken line Aand the solid line B. S shows 
the road surface. 

Though it is not described in the drawings, a con- 
ventional tire, without any reinforcing rubber layers 8, 

15 is crushed into a conduplicated shape because of 
lack of load support property. The conventional run 
flat tire having reinforcing rubber layers 8 has a func- 
tion to support the load generated by deformation of 
the sidewalls as is shown by broken line A. This f unc- 

20 tion is obtained by deformation resistance property of 
the reinforcing rubber layers 8 having large thickness 
portions at the center of the sidewali portions 6 which 
is brought about by the rubbers large compression 
modulus working for the deformation inside the rub- 

25 ber 8. 

Because of this load support property, however, 
component force F of wheel weight is directed as 
shown by arrows and is transmitted to both ends of 
the tread 5 through the reinforcing rubber layer 8. At 

30 this time, because the belt 3 and the cap 4 have no 
tension without inner pressure, the tread 5 cannot re- 
sist this force. 

The tread 5, therefore, is curved to the inner side 
of the tire as shown by arc L. Consequently, the side- 

35 wall portion 6 is so deformed that some of the por- 
tions close to the tread 5 contact the road surface and 
rotate with slipping contact. This results in rapid abra- 
sion of the rubber and damage of the carcass 1 at an 
early stage. 

40 Curving of the tread 5 shown by arc L corre- 

sponds to decreasing of radius of movement. This 
brings increasing of oblique angles of the cords of 
cord intersecting layer 3-1, 3-2 of the belt 3. This is 
so-called "Pantograph phenomenon". 

45 By arranging tie-element 9 (9-1) having cords ar- 

ranged orthogonally with respect to the equatorial 
plane E of the tire between the cord intersecting layer 
3-2 of the belt 3 and the cap 4, Pantograph phenom- 
enon is efficiently restrained. This restraint substan- 

50 tially prevents the tread 5 from curving as is descri- 
bed by arc ? of Fig. 3. 

Consequently the length of the curvature of the 
tread 5 is reduced from L of the conventional tire to 
? of the tire of the present invention. This results in 

55 pushing up the bead 7 from point Pa to Pb which is 
higher than Pa by h. Therefore, slipping contact of the 
sidewali portions 6 with the road surface S is reduced 
drastically. Furthermore, sidewali portions having 
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large thickness will as a consequence contact with 
the road surface. 

Moreover, by arranging the tie element 9-2 addi- 
tionally between the cord intersecting layer 3-1 and 
the carcass 1, the above effect can be further im- 5 
proved. 

Although for the conventional run flat tire the 
load supporting property of the reinforcing rubber 
layer 8 cannot work sufficiently, the reinforcing rub- 
ber layer 8 in the present invention can function suf- w 
ficiently when the tie-element 9 (9-1 , 9-2) is provided. 

The invention will be further described with ref- 
erence to the following Example. 

High performance passenger pneumatic radial 
tires whose constructions were the same as that of 15 
Fig. 1 and Fig. 2 were prepared. The size was 
P275/40ZR17. The carcass comprised two plies hav- 
ing rayon cord. The belt 3 comprised 2 layers having 
steel cord arranged at an oblique angle of 60°. The 
cap 4 comprised one layer having nylon cord, and the 20 
layer 11 comprised a pair of layers having nylon cord. 
The reinforcing rubber layer was rubber stock whose 
JIS hardness was 84 and whose maximum thickness 
was 7 mm. 

For tires having a construction described above, 25 
there was used as a tie element one layer having ara- 
mide fiber cord in an embodiment 1 and one layer 
having nylon monofilament cord in an embodiment 2. 
In embodiments 3 and 4 having two tie-element lay- 
ers 9-1 and 9-2, aramide fiber layer were used for 30 
both layers 9-1 and 9-2 in the embodiment 3, and a 
nylon monofilament cord layer was used for layer 9- 
1 and an aramide fiber cord layer was used for layer 
9-2 in the embodiment 4. For the monofilament cord, 
HYTEN manufactured by Dupont was used. The 35 
width of tie-elements 9, 9-1 and 9-2 were 98% of the 
width of the narrowest cord intersecting layer. 

For each tire of the above embodiments 1 to 4, 
and for a conventional tire without any tie-element but 
otherwise having the same construction, the follow- 40 
ing experiment was conducted. A vehicle was run in 
a puncture state caused by pulling out of the bulb core 
at a speed of 90 Km/h on a circuit until considerable 
damage was caused to the tires. 

Evaluation was made based on distance until 45 
generation of damage, by using an index wherein 100 
corresponds to the conventional tire. Results were 
200 for the embodiment tire 1, 400 for the embodi- 
ment tire 2, 230 for the embodiment tire 3, and 460 
for the embodiment tire 4. 50 

From above evaluation results, a remarkable ef- 
fect obtained by providing the tie-element was found. 
In particular, the embodiment 2 with the tie-element 
outside the belt 3 affected by compression force 
when curved and made of nylon monofilament cord 55 
which has compression resistance property, and em- 
bodiment 4 with the tie-element 9-2 inside the car- 
cass 1 affected by stretching force and made of ara- 



mide fiber cord which has stretching property in ad- 
dition to the layer 9-1 of embodiment 2, showed re- 
markably good results. 

Thus the pneumatic tire according to the inven- 
tion has excellent run flat durability as well as high 
overall performance. 

It is further understood by those skilled in the art 
that the foregoing description is that of preferred em- 
bodiments of the disclosed tires and that various 
changes and modifications may be made in the in- 
vention without departing from the scope thereof. 



Claims 

1. A pneumatic radial tire comprising a pair of bead 
portions (7) and sidewall portions (6) and a tread 
portion (5) connecting the sidewalls and includ- 
ing at least one radial carcass ply reinforcing each 
of said portions between two beads (2) embed- 
ded in the bead portions, a belt (3) comprising at 
least two layers (3-1 , 3-2) having cords intersect- 
ing each other, a cap (4) arranged between the 
belt (3) and the tread portion (5) arid having or- 
ganic fiber cords therein extending in the circum- 
ferential direction of the tire, and reinforcing rub- 
ber layers (8) in a whole region of the side wall 
portions (6) for supporting a load of the tire and 
each having a crescent shaped cross-section 
along the inner side of the carcass, characterized 
in that at least one tie-element layer (9) for resist- 
ing force generated in width directions of the tire 
and having cords extending substantially ortho- 
gonally with respect to an equatorial plane of the 
tire is arranged between the belt (3) and the cap 
(4). 

2. A pneumatic radial tire as claimed in claim 1, 
characterized in that a said tie-element layer (9- 
1) is arranged between the belt (3) and the cap 
(4) and a further tie-element layer (9-2) having 
cords extending substantially orthogonally with 
respect to the equatorial plane of the tire is ar- 
ranged between the belt (3) and the carcass (1). 



EP 0 605 177 A1 



FIG . I 




EP 0 605 177 A1 




EP 0 605 177 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numbw 

EP 93 31 0378 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 

to daim 



CLASSIFICATION OF THE 
APPLICATION (IblCIS) 



A 
A 
A 
A 



FR-A-2 358 998 (UNIROYAL) 

* page 5, line 22 - line 40; figures 6,7 

FR-A-2 343 616 (MICHELIN) 

* page 1, line 34 - line 39 * 

* page 2, line 8 - page 4, line 15 * 

EP-A-0 364 291 (BRIDGESTONE) 

* column 9, line 20 - line 30 * 

FR-A-2 350 973 (GOODRICH) 

* page 3, line 21 - line 25 * 

FR-A-2 287 350 (GOODRICH) 

* page 9, line 8 - page 10, line 30 * 

FR-A-2 425 334 (KLEBER C0L0MBES) 

* page 3, line 2 - line 15 * 



B60C9/20 
B60C9/28 
B60C17/00 



TECHNICAL FIELDS 
SEARCHED (lnt-CI.S) 



B60C 



Toe present search report has been drawn up for all daims 



P1k« «f uvea 


D*t mt m^«tw of the MVtft 




THE HAGui 


5 April 1994 


Schniitt, L 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if tikes aJooe 

Y : particularly relevant tf combined with another 

document of th« same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted tn the application 
L : document cited for other reasons 

« : member of the same patent family, corresponding 
document 



